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Cryopreservation of Excised-embryo of Jatropha Curcas L. Using Vitrification 
Technique 
 
Kristina Anak Ahong 
 
Resource Biotechnology Program 
Faculty of Resource Science and Technology 
Universiti Malaysia Sarawak 
 
ABSTRACT 
A study was carried out to evaluate ability of preserving excised-embryos of Jatropha curcas 
L. in liquid nitrogen using vitrification technique. The initial moisture content and germination 
of excised-embryos of J.curcas was 4.38 percent and 92.5 percent, respectively. The excised-
embryos were loaded in different sucrose concentrations of 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0M 
prior to treatment with Plant Vitrification Solution 2 (PVS2) for the period of 0, 30, 60, 90 and 
120 minutes. Pretreatment using 0.4M sucrose with PVS2 for the period of 30 minutes gave 
the highest germination of 80 percent and 35.49 percent moisture content. The percentage of 
moisture content and germination decreased with increased in sucrose concentration and 
duration of exposure. Regression analysis showed that excised-embryos of J.curcas can be 
preserved in liquid nitrogen after vitrification for 37 days or 5 weeks and 2 days.  
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Satu kajian telah dijalankan untuk menilai kebolehan teknik vitrifikasi bagi menyimpan 
dieksisi-embrio Jatropha curcas L. dalam cecair nitrogen. Peratus kandungan kelembapan 
dan percambahan awal dieksisi-embrio J. curcas masing-masing adalah 4.38 peratus dan 
92.5 peratus. Embrio direndam ke dalam pelbagai kepekatan sukrosa iaitu 0.0M, 0.2M, 0.4M 
0.6M, 0.8M dan 1.0M  dan seterusnya didedahkan dengan ‘Plant Vitrification Solution 2’ 
(PVS2) selama 0, 30, 60, 90 dan 120 minit. Rawatan awal menggunakan 0.4M sukrosa dengan 
pendedahan terhadap larutan PVS2 selama 30 minit memberi keputusan percambahan yang 
tertinggi iaitu 80 peratus dan kandungan kelembapan 35.49 peratus. Peratusan kandungan 
kelembapan dan percambahan menurun dengan peningkatan kepekatan larutan sukrosa dan 
tempoh pendedahan kepada larutan PVS2. Analisis regrasi menunjukkan bahawa dieksisi-
embrio J.curcas boleh disimpan di dalam cairan nitrogen selepas rawatan vitrifikasi selama 
37 hari atau 5 minggu dan 2 hari. 
 









Jatropha curcas L.  (J. curcas) or physic nut originally was planted for medicinal purposes 
and soap production. The oil crisis in 1970 forces researcher to seek for alternative sources 
especially from plants. Hence, J. curcas could be the best candidate since it is perennial plant, 
indigenous and widely spread in tropical countries. It is also drought and disease-resistant 
plant and able to grow in poor soil condition with low nutrient content (Becker & Makkar, 
2008). J. curcas is planted on wastelands such as in India and other tropical countries because 
it only needs protective irrigation and pruning from time to time. The seed is also easy to 
harvest and market because it flowers at the same time. The nut consists about 37% of oil and 
can be used for biodiesel. The used of physics nut in car engines was reported in literature and 
in unpublished reports (Heller, 1996).  Besides its importance in biodiesel, J. curcas has a 
potential in pharmaceutical, medicine and bio-pesticide application because of its chemical 
content (Becker & Makkar, 2008).  Due to its much importance, the good varieties of seed 
need to be stored for long term period. Cryopreservation is an excellent option to keep the 
viable seeds and retain the genetic materials for next season of planting. 
 
Cryopreservation is a technique to preserve living cells or tissues in very low freezing 
temperature (e.g -196°C in liquid nitrogen) with aim to minimize the formation of ice-crystals 
which may cause damage to the cells. It is an efficient method for in situ conservation for 
storing genetics from wide variety of plants and retains their biodiversity (Gonzalez-Benito et 
al., 2004). Such methods are slow freezing, vitrification, encapsulation and dehydration which 
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are more simple and applicable to many plant species (Shatmani et al., 2007). Encapsulation-
dehydration originally developed for pear (Pyrus Comunis L.) but nowadays it can be used for 
other plant species (Reed et al., 2005). Encapsulation of sample with alginate beads provides 
protection from extreme condition such as dessication and freezing (Kaviani et al., 2008). 
Vitrification is a process to avoid intracellular ice crystallization by directly converts an 
aqueous solution into a glassy state in a tissue (Lambardi et al., 2005). Generally, tissues that 
have low water content such as embryonic axes and seeds are more resistant to these methods 
(Kaviani et al., 2008).  
 
Lately, decreasing oil production from many oil reserves draws people to look for renewable 
energy source especially from plant. J. curcas has a potential to become the alternative energy 
source. But, the seeds may lose its viability and its oil content when it is stored for too long. 
Other than that, it is difficult to find a superior mother plant because not many researches have 
been conducted on this plant.  Therefore, an alternative way to keep its viability needs to be 
sought to store the high quality and good variety.  Thus, the objectives of this research were: 
 
 To analyze the viability of excised-embryo of J. curcas using vitrification techniques. 
 To determine the effectiveness of cryopreservation techniques in the conservation of J. 
curcas embryos. 







2.1 Jatropha curcas plant 
J. curcas, Pagar Jarak (Indonesia) or Physic nut (English) is a large shrub tree and drought-
resistant plant. It is belong to genus Euphorbiaceae which is approximately 170 species found 
worldwide (Dehgan & Webster, 1979 as cited in Heller, 1996). The origin is Northeastern part 
of South America and found abundantly in tropical and sub-tropical region such as Asia and 
Africa (Jongschaap et al., 2007). It can be planted sexually by seeds or generated by grafting, 
cutting and in vitro culture. 
 
The seed contains cursin, a toxic protein and diterpene esters which makes it non-edible. The 
castor oil cake is rich in nitrogen, phosphorus and potassium that is suitable for organic 
fertilizer. About 25-30% of oil content is in J. curcas seed and 50-60% in its kernel (Saxena, 
2006). The oil content differs according to their locality and climate. It is also has a low 
moisture content and rich in oleic and linoleic acids (Salimon & Abdullah, 2008). 
 
J. curcas is used in medicinal application such as external application for skin disease and 
rheumatism. The latex contains alkaloid (jatropine) that is believed to have anti cancerous 
properties.  The oil is traditionally used in manifacturing soap and candle (Jongschaap et al., 




2.2 Embryo selection 
Zygotic embryo is favourable in cryopreservation because it contains all defined structure such 
as cotyledons, shoot and root pole and embryogenic axes. In fact, it has lower water levels 
compare to the other parts of plant. Moreover, all the genetic structures remain in seeds instead 
of their small sized (for some plants) and low differentiation. The size of the mature embryo 
can be reduced by cutting off the cotyledons. Thus, the whole structure of the embryo has to 
preserve in order to grow a full plant directly from an individual embryo (Engelmann, 1992). 
 
2.3 Cryopreservation 
Cryopreservation is a technique of freezing cells or tissues at ultra-low temperature (e.g -
196°C) at which the genetic materials remain stable and the biochemical activity is stopped or 
slowed down while avoiding the ice-crystal formation (Panis & Lambardi, 2005). Ice crystal 
will form when a tissue is subjected to low temperature that may damage its cell membrane. 
The conventional method of cryopreservation (slow freezing) is mainly rely on cryoprotectant 
mixture such as DMSO (dimethyl sulfoxide), sugars, glycerol and/ proline (Panis & Thinh, 
2001). Besides, this method is only limited to some species of plant especially for those that 
produce small-sized orthodox seeds and with low water content (Sudarmonowati, 2001).   
 
Recently, simple cryogenic techniques are developed such as vitrification, encapsulation-
dehydration and encapsulation-vitrification which have increases the number of cryopreserved 
species or cultivar in plant (Hirai & Sakai, 1992).  Such techniques can be applied on embryo 
axes, shoot tips, meristems, embryogenic callus or individual somatic embryos. Sedlak et al. 
(2004) in their study of encapsulation-vitrification techniques reported that cryopreservation of 
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shoot tips of fruits such as apple, strawberry, pear and sour cherry could survive within 30% 
rate or more across a number of genotype. Sharma (2005) described that cryopreservation is a 
cost-effective, safe and reliable compare to other storage techniques such as in vitro 
conservation, slow growth, ex situ conservation and others. 
 
2.3.1 Dehydration 
The main objective of dehydration is to reduce the water content in seeds or meristems of 
plants before immersed in liquid nitrogen (Sharma, 2005). It is mostly suitable for zygotic 
embryos or embryonic axis of various kind of plant. Dessication by air-drying is an efficient 
method since it used close vial containing a fixed amount of silica gels. Uragami et al. (1990) 
reported that used silica gel for Asparagus stem segment may induce reproducible conditions 
(Engelmann, 1992). Dehydration for cryopreservation in some species of plant is based on the 
successive osmotic and evaporation dessication of plant cells. Mycock et al. (1989) as cited in 
Engelmann (1992) succesfully preserved pea embryonic axes after a pretreatment with 
glycerol and DMSO followed by dehydration. In other study, freezing of Dandelion seeds after 










According to Panis and Lambardi (2005), vitrification is a process of physical changes from 
aqueous phase into glassy phase. Two conditions are needed to vitrify; rapid freezing rates and 
a concentrated cellular solution. In 1989, the first vitrification technique on plant tissues was 
reported (Panis & Lambardi, 2005). The techniques depend on the treatment of explants with a 
concentrated vitrification solution, PVS2 (Plant Vitrification Soution 2) for variable period of 
time followed by a direct plunge into liquid nitrogen. It is widely used in cryopreservation of 
complex biological materials such as kidney, liver, heart organ and various tissues because it 
is easy and can eliminate the damage effects of the formation of intra- and extracellular 
crystallization (Brockbank et al., 2007). Enny Sudarmonowati (2001) discovered that the 
different plant species required different concentration of vitrification solution. The advantage 
of this technique is fast recovery eventhough the solution used might be toxic to certain plant 
species (Reed, 2008). 
 
2.3.3 Encapsulation 
Encapsulation is an alternative to dehydration. The explant is encapsulated in alginate beads to 
from artificial seeds (synseeds), then treated in a high sucrose concentration, and dehydrated 
under laminar flow cabinet or silica gel (20-30% of moisture content) before plunged into 
liquid nitrogen (Adela & Deliu, 2006). The bead that contains nutrition may promote the 
growth of the explant after thawing (Panis & Lambardi, 2005). Encapsulation of tissues within 
the beads reduces the respiration rate and their growth so that they can be stored in a period of 
time. Encapsulation before dehydration is advantageous since it enhance the plant’s resistance 
towards dessication and freezing (Kaviani, 2007). It has been succesfully applied to cocoa 
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(Fang et al., 2004) strawberry (Adela & Deliu, 2006), sugarcane (Gonzales-Arnao & 
Engelmann, 2006), and peach (Steinmacher et al., 2007).  
 
 
2.3.4 Slow freezing 
The technique is firstly applied to the cryopreservation of woody plant germplasm. This is a 
traditional method in which it is based on slow cooling specimens under cryoprotectant 
solution, such as DMSO at 5- 15% concentration. The mixture of the specimens and 
cryoprotectant solution are being slowly cooled to -40°C before immersed in liquid nitrogen 
(De Carlo & Lambardi, 2005). When the temperature is about to reached -40°C, it is 
considered to be concentrated enough to vitrify upon the subsequent liquid nitrogen plunging.  
 
Slow freezing lowered down the water content in the cells to reduce the formation of ice 
crystals when expose to extreme low temperature. According to Brockbank et al. (2007), slow 
freezing in cells may slowing the chemical reactions, thus decreased the demand of oxygen 
and other substrates that are used for conversion of energy. Some of the advantages of this 








2.4 Germination of Excised-embryos 
Germination test is conducted to determine the maximum number of embryo that can survive 
in optimum condition after being cryopreserved. The test is held in Plant Growth Chamber 
with minimum temperature of 24°C for 24 hours. Deterioration could happen due to the aging, 
environmental condition or damage during the process of storage and thawing (Quinoo, 2009). 
Germination is indication of the percentage of viable embryos that are capable to produce 
seedlings and mature into a sporophytic plant. 
 
2.6 Storage of Excised-embryos 
The seed or excised-embryo is preserved for stocks in the next season. It is also can store the 
seed quality for a longest period of time if possible. The seed need to dry down to very low 


















MATERIAL AND METHOD 
3.1 Material 
J. curcas seeds were collected from Carbon Capital Corporation Sdn Bhd (farm), in Asa Jaya, 
Kota Samarahan. Seeds were extracted from the fruits, clean and dry in the laboratory prior to 
store in a container. Embryos were extracted from the J. curcas seeds for treatments. 
 
3.2 Moisture content 
Four replications of 5 excised-embryos per replicate were arranged in a single layer in an 
aluminium foil saucer to determine the weight. After that, they were left in an oven for 48 
hours at 60°C for drying. The excised-embryos were weighed again and the percentage of the 
moisture content was determined based on AOSA, 1985. 
 
Formula: 
The percentage of moisture content =   b - c     x 100%     
                                                     b – a 
Where;                      a= weight of empty aluminium foil saucer  
                                  b= weight of (a) + weight of excised-embryos before drying in oven 







3.4 Germination Test 
The test was conducted based on the Rules for Testing Seed (AOSA, 1985). Four replications 
of 10 embryos were germinated on moist filter papers in a petri dish. The embryos were left to 
germinate in Plant Growth Chamber at 35°C for 12 hours dark and 12 hours light. 
Germination was obtained in 3 days and the percentage was calculated using: 
 
Germination (%) = Total of germinated embryos     x 100% 
                                      Total of embryos 
 
3.5 Vitrification 
The technique is based on the experiment that has been modified by Sakai et al. (1990). The 
first step was the preparation of the stock Plant Vitrification Solution 2 (PVS2). Liquid growth 
medium containing 0.4M sucrose was prepared with addition of 30% (v/v) glycerol, 15% (v/v) 
ethylene glycol and 15% (v/v) DMSO.  
 
The second step was vitrification procedures. Four replications of 10 excised-embryos were 
immersed in PVS2 mixed with sucrose at concentrations of 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0M. 
This was done in the periods of 0, 30, 60, 90 and 120 minutes. In the following treatment, 
vitrified embryos were placed in cryovials and then in liquid nitrogen for an hour. Then, the 
sample was thawed in water bath at 40°C for about 15 minutes. Next, the excised-embryos 
were rinsed with 1.2M sucrose before evaluated for their moisture content and germination. 




The excised embryos were stored for 10 days in liquid nitrogen. Suitable embryos were chosen 
after all the cryopreservation techniques are done. Four replications of 10 embryos each were 
stored in three different conditions; ambient (28-30°C), refrigenerator (0-4°C) and in liquid 
nitrogen (-196°C). This control was set up to compare the performance of the embryos with 
the cryopreservation treatment and those without the treatment. The control was set up to 
observe the survival of the embryo as influenced by the cryopreservation technique and not 
because of the temperature. Germination of embryos were determined daily until the end of 
each treatments.  
 
3.7 Statistical Analysis 
The experimental units (embryos) were arranged in ‘Completely Randomized Design’ (CRD). 
The data was analyzed using ‘Analysis Of Variance’ (ANOVA) and ‘Least Significant 












RESULTS AND DISCUSSIONS 
 
In this study, the Jatropha seeds that were used were of medium quality. The initial moisture 
content and germination for seeds used were 6.98% and 55% respectively. The extracted 
embryos from these seeds gave initial moisture content and germination of 4.38% and 70%. 
Seeds may have been stored for too long in the storage room after harvested. Thus, some of 
the seeds were infected by the fungus and it became a problem to choose the right embryos for 
the study. The embryos failed to germinate due to the fungus infection, injury during 
preparation and stress associated with liquid nitrogen (Quainoo, 2009). Besides, the embryos 
may not tolerate the high concentration of the solution used as cryoprotectant and as the result, 
their germination is low. Elongation of exposure to DMSO that is higher than 10% could lead 
to cell destruction. Other than that, insufficient dehydration prior to freezing could initiate ice-
crystal formation during warming and damage the cells (Halmagyi et al., 2010).  
 
In vitrification, survival of the embryos depended on the period of exposure to PVS2 solution. 
The exposure to high concentration of cryoprotectant such as PVS2 dehydrated the cells and 
prevented intracellular ice crystal formation. PVS2 replaced water in the cells, altered the 
freezing behaviour of intracellular water and hindered loss of water during extreme condition. 
Moreover, it minimizes the damaging risk due to loss of cell volume of surface area when 
stored in lower temperature (Volk & Walters, 2006). PVS2 solution (30% (v/v) glycerol, 15% 
(v/v) ethylene glycol and 15% (v/v) DMSO) which is developed by Sakai et al., 1990 is 
widely used in vitrification because it is simple and applicable to many plant species (Turner 
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et al., 2001). DMSO and glycerol are commonly used in cryoprotectant. Both are permeable to 
the cell membrane, thus they can diffuse rapidly while providing antifreeze effect to the cells. 
They replaced the water and concentrate the intracellular cells without causing injuries to 
avoid the development of ice crystal (Tsai et al., 2009). Ethylene glycol has low toxicity and 
also highly permeable to the cell membrane. Sucrose has been shown to dehydrate samples by 
osmotic effect and stabilizing the plasma membrane under dehydration and freezing 
environments (Nadarajan et al., 2007).  
 
Thawing in 40°C could be advantage for survival of J.curcas embryos. According to 
Villalobos et al. (1992), the dehydrated Musa acuminata and M. Balbisiana were succesfully 
germinated after thawing at 40°C.  
 
4.1 Moisture Content 
Moisture content is crucial in the survival of seeds because it related to the composition of the 
seed and embryo. Treatment with vitrification protected the excised-embryos from injuries 
during storage in liquid nitrogen. The most suitable sucrose concentration for J.curcas embryo 
was 0.4M since it showed the highest moisture content percentage (35.49%) in duration 
exposure of 30 minutes (Figure 4.1). PVS2 with 1.0M sucrose concentration showed the 
lowest moisture content percentage (21.24%). The high sucrose and PVS2 solution might 
dehydrate the embryo cells and makes it less viable.  Moisture content in the embryos after 
treatment was higher than the control. The control was set up to compare the performance of 
the embryos with the treatment and without treatment. The embryos with the treatment had 
been dessicated by the PVS2 solution, thus the moisture content was lower than the control.  
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During drying in oven, the embryos without treatment experienced greater loss of water 
content compared to those with treatment. Without dessication to certain limit, all polymerized 
embryos cannot survive in liquid nitrogen. The moisture content of different species limits the 
longevity of storage in liquid nitrogen because different dehydration tolerance, usually about 
20% of the fresh weight (Zaimah et al., 2007).  
 
Every seed species has different dessication properties, which grouped as dessication-tolerant 
(orthodox), intermediate and dessication-sensitive (recalcitrant) behaviours (Thammasiri & 
Soamkul, 2007). The moisture content of J. curcas embryos is high (35.49%), which showed 
that it is a recalcitrant seed. Recalcitrant seed has higher water content and sensitive to 
dessication and low temperature. Thus, it has a short period of survival usually a few weeks to 
several months (Zaimah et al., 2007). 
 
 
Figure 4.1: Moisture content of excised-embryos of J. curcas after exposure to different sucrose    
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